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— »^ - — ^„ the cat... ox«o„ of 

to .nthesis .as (s«as), a.. P ^^^^^ 

J u Still more particularly, tne pi^^ 
containing CO and H2. Still mo P ^^^^^^^^ combustion of 

«,hane to carbon diox.de and water) 

»d water, to ..prove the yield of synmesi. gas. 

Description otReiated Art ^.^ ^ ,„ch as 

, .an, refiner.es face an ab.da^t ^ ^ ^^^^^^^^ 

— " co.e..on of .thane to more easi. 

^search has been devoted to ^^.^ „y,,„„ 

_^„„,,c,od.ts. one technt^ue that has been weii-deveiop 



^ „• . caulv,, Th,s .echmque results in .he produeuon of 

,„,.is.as.,..•■s,n,as^a™.a.eofca.o„ — a„a.,.™^^^^ 
„,,_,...a„eca„.e,ep.se.e.W*eron»w,..reae«o„sc.e„^ 



CH4+I/2O2 ^ C0 + 2H. 



e of the methane burns completely, according to the equation: 
At the same time, some ot the memau 



CH4+ 2O2 CO2 + 2H2O 



(2) 



Hence, syngas IS typically a ,he ran.e of 1:5 to 5:1, and 

u , ,en to carbon monoxide molar ratio m the range 
generally having a hydrogen to carbon 

f .^.tock for conversion to alcohols, olelins, 
Synthesis gas has utility as a feedstock 

t the well-known Fischer-Tropsch process, and by other 

u o rr,f,raffms') according to the well icnowi 
hydrocarbons (paraffins) ^^^^^^ 

Svmhesis gas is not a commodity; .nstead. ,t ,s typ.ca y 
' . , de but are not limited to. a feedstock for conversion to 

p„eessin. Tbe uses for syngas tnclude, but 

f- > mrafTins which i" P'°"* " 
molecular we.ght ... ^-^^ ^ bigh octane value 

c ^ct^rW for conversion to mgn quaiu;)' j 
,5 hydrocracking, a feedstock for con .thesis .as is for large-scale 

nnents Another potential application of synthesis gas 
diesel fuel blcndmg components. Anom f 

conversion to methanol. techniques. Steam 

Svngasgenerationfrommethanetypicallytakesplacebyoneofthreetec 

, . .he most common, followed by partial oxidation, and autothermal 
reforming of methane is the most 

, . . have been developed to generate syngas trom 
fr„.in,T Emeri-ing technologies that have Dcen 
?0 reforming. t.meii:,iiiB t,. ^ hnt cata vst for a 

• , . mixture of methane and oxygen to a hot cataiy 

' " T or less folio^ed by cooling of the resultant gas 

■ iiv on the order of milliseconds or less, toiiow 
brief time, typically on the 

f . evnthesis aas production by catalytic partial u 
stream. EP 303,438 describes a process for synthesis gas p 
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^ .osts of steam reforming. A mor^olith catalyst ,s 
. ..f the disadvantages and costs oi sitai 

^^^^^ „p„„e. . 

, . . r ,0 000-500 000 h.l . Conventional eatalyt.c part.al ox.daoon p 
space veloemes of 20.000 ^^^^^ 

•1 1 ■v^ 11^ Patent Nos. D,o^^,^^i ^^^^ 
also described m U.^. i aieiu 

,„co^ora.ed herein by referenee. 

Although in conventional syngas generation systems the syng 

. „.,0 ,5 %of.hecar^nint.ial,y present as methane can be 

• . A it Hjis been shown that 10 - i:> /o 
once mn>ated, it has ^^^^^^^^ ^^^^^^^ 

■ ro. in combustion via equation {.) above, 
lost to the formation of CO2 in com 

• H Hence it is desirable to provide a syngas generation . 
yield of syngas that can be obtained. Hence, n is 

• M nf carbon monoxide and hydrogen. 

feed streams and separated 

,„ a related aspect of petroleum refining, many petroleum 

,/ sulfur is typtcally undes.rable in most petroleum refining processes and 
ftacons contatn sulfur. Sulfur typ, ^^^^^^^^ 

. . Therefore refineries typically upgrade the qualtty of the 
products. Therefore, 

. the sulfur specifically, hydrodesulfurtza.ton unt.s are 
by removing the sultur, ^.^^ ,^ 

H ■„ the petroleum fractions and convert the sulfur to HzS. 
5 sulfur compounds m the petrole ,™eal refinery, such as fiuid 

„ other conversion processes tn a typteal J 
hydrodesulfurizafion processes, other 

. King coking vtsbreaking, and thermal cracking, produce H.S 

catalytic cracking, coking, ^..^esses and these 

• The H,S from both the desulfunzat.on processes 
contaming petroleum fractions. The H.S 

from the eas streams or ligm nq^^ ^ 
conversion processes is typically removed from g 

■ , ,„,n,s based on alkanolamine chemistry or physical solve 
30 streams using either chemical solvents based 

circulattng, regenerative ..removal system employing an absorption t. - 

, .age for H.S reiecfion produces a concentrated stream of H.S. 
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• , , , . 3^,eam is then fed to a H:S conversion unit, which 

In conventional systems, this H:S stream 

" , .t.i .nlfur is most common, mamly 

• „ tii(> HiS to e emental suiiur ib niy>=^ 
solution, or suUur.c acid. Conversion ot the 1 t 

, ^ ,n recover elemental sulfur from H.S gas is the 
■ • ) The process most commonly used to recover eltm 

/ The conventional Claus process is well known in the 

modified Claus sulfur recovery process. The conventio 

filed concurrently herewith, 

art and is also described in U.S. Pat. App. No. 

r W S Usin, Short Contact Time Partial Oxidatwn , 
entitled "Process for Recovery of Sulfur Frorr, H>S Usm, 

the disclosure of which is incorporated herein by reference 

SLMMARY OF THE INVENTION 

.u.i imnroves the vield of syngas generation by 
The present invention provides a system that improves th , 

,S .0... .... . ... .e ... ...on . . 

■ ,he methane Hence, less me.hane .s lost to complete 
temperature without corrsumtng the methane, 

. M l)„e preferred embodiment provides the partial 

3 combustion and yreld of the product ,s .ncreased. one pre. 

, H. ,n whtch H. ts o.idi.d to .We elemental sulft. and 

the vield of elemental sulfur. 

the present invention, there ,s provided a method for impro™. t. 

. ,,eld Of a s,n.s .enerat.on system, comprising provtdtn. a ftrst .as stream comprtsh. a . 
- ntt.n. a second .as stream compristn. H. with the f.rst .as stream to lor ^ 
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s,.an, a ho, ca,a,ys. .o fonn a product stream, and removing s.n.as and e,e.o„,a, 

sulfur from the product stream. 

The presen, invention also provides a method for in,pr„v,ng the yield of a syngas 
generation system, comprising providing a firs, gas stream comprrsrng a Ught hydrocar^n. 

• ■ , u v.ith the first nas stream to form a feed gas stream, 
mixing a second gas stream comprising H.S with the tirst gas 

„hi.e ma,n.,ning said feed gas stream below 500 degrees C, contacting the feed gas stream with 
a hot catalyst to fon. a product stream wherein less than ,0% of the light hydrocarbon ,s 



BRIEF DESCRIPTION OF THE DRAWINGS 

a more detailed description of the present invention, reference w,ll now be made ,„ 

the accompanying drawings, wherein: 

Fig. 1 ,s an enlarged cross-secion of a reacor constructed in accordance wi,h a preferred 

embodiment; and 

Fig. 2 is a schematic dragram of the components of one preferred embodiment of the 
present system including the reactor of Fig. 1. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Several schemes for carrying out partial oxidation are known in the an. As discussed 
.„ above, one scheme for carry.ng out the exothermic oxidation reaction entails a brief exposure of 

,s ^sitioned in the now path of the feed gas. The catalyst comprises a wire gauze, several layers 
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feed .a, c„„.ac,s *e c.:^. while ,he balance of.he gas serves ,o ,uic.,y coo, .he firs, frac.ion 
and pre.e„. .he oxida.ion reaction Iron, proceeding .00 far. 

s Pnre oxvgcn ,s preferaHy nrixed wr.h Ihe gas feed i.nredia.ely before con.ac.ing .he feed gases 
„i,h a eaulys.. Air, or a n„x.nre of air and oxygen can he suhs.,.n.ed for .he pure oxygen. The 
H,S reacs wi.h oxygen in .he slream according .0 .he reac.ion: 

H2S + '/2 O2 ^ 1/X Sx + H2O 

According .0 .he presen. inven.ion. H.S par„al oxida.ion is incorpora.ed ,n.o .he syngas 
,„ genera.i„n sehe.e as follows. Referring ini.ially ,0 Fig..re , , a preferred en,hodin.en. of .he 
presen. sys.en. rnclndes a reac.or 10 .ha. includes feed injee.ion open.ngs 12. .4, and 16. a 
fixing zone a reac.ion .one 20 and a cooling zone 30. ReaCon zone 20 preferably .ncludes 
a .hernial radia.ion ba.ier 22 posi.,oned r^nred.a.ely ups.rean, of a ca.a,y.,c device 24. 

A „„;h. a.fUcien. .hernial insula.ion. such as are described 
,5 wi.hs.and operaling tempera.ures and provide sufficen. .herm 

in U S Pa.en, 4,038.036 .0 Beavon. which ,s incorpora.ed herein by reference ,n i.s en.rre.y. 

Ca.aly,ic device 24 is preferably a layer or layers of wrre gauze 25 or a porous ceranuc 

one or nrore layers of a subs.an.ial,y planar, fiexible woven n,e.a|.con.aining or n,e,al.coa.ed 
,„ screen or gauze havrng ahou, 20-120 nresh. More preferably, ,, is a gauze of nre.al wires ahou. 
.3 .icronrerers .„ ahou. 2.5 „illi.e.ers ,n dianre.er. which are nrade of abou. 87-93./. by weigh. 

P, and abou, 7-13 w.-«/. Rh. AI.erna.ive caialys. s.rucures could include a disk w,.h 
n,ul.,ple perforalions fornred .here through, a honcyconrb-like s.ruc.ure. an erched fo,l and any 
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other s,rucu,rc ,ha. provides .he desired announ, of transparency to effect .he desired parrial 
„xida.ion. A dcailed discussion of the catalys. s.r„c.ure and composi.ion can be found in U.S. 
l.a.en. No. 5.654,491 .o GoCsch cL. which is incorpora.ed herein in i.s entirely. 

Examples of sui.abic ca.alys.s ,ha. can be included in .he me.al of .he gauze or 
incorpora,ed at i.s surface include, bu. are no. linri.ed .„. pla.inum. rhodium, iridium, nickel, 
palladium, iron, cobalt, rhenium, rubidium, Pd-La^Oj. Pl/ZrOj, Pt/AI20,. 

in operation, a light hydrocarbon, such as methane, is fed into one of .he feed injection 
openings 12, H,S is fed into a second feed injection opening 14. Air or oxygen is fed info the 
third feed injccion opening 16, which is preferably positioned close .o ca.alys. 24. 1. will be 
understood ,ha, .he feed injec.ion openings can be conHgured differen.ly from the conftguration 
shown without affecting the principles or operation of the present system. 

AS .he feed gases from feed injection openings 12, 14, 16 now toward catalyttc devtce 
24, they are preferably subjected to thorough mtxing by static mixer 18, During mixing, they are 
shielded by radiation barrier 22 from radian, hea. that is generated downstream in .he process. I. 
is preferred that the temperature on the upstream side of barrier 22 be in the range of about 20"C 
to about 300-C. The feed gas stream is preferably a. ambient .emperB.ure prior .o contact wid, 
the catalyst. Preheating the feed gas stream is not desired, as i. can cause homogeneous reactrons 
and reduce the selectivity of the process of the present invention for the desired compounds. 
Therefore, preheating the feed gas mixture is typically avoided, although in some applications 
) feed gas temperatures up .o abou. 300° C can be tolerated. 

After the gases pass barrier 22. they flow pas. catalytic device 24 and are simultaneously 
heated ,„ an oxida.ion temperature in the range of from abou. 900 'C to abou. 1 300 T. The gas 
now rate is preferably maintained such that .he comae, .ime for the portion of .he gas .ha. 
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contacts the ca,al«, is from about .00. to .0, seconds and more preferably front about .00, to 



.005 seconds. 

This degree of contact produces a favorable balance between competing reactions and 
produces sufficient heat to maintain the catalyst at the desired temperature. Specificaliy, sulfur is 
produced by catalyzed partial oxidation according to equation .3) above, where x equals 2. 6. or 
8. wtth X = 2 being the most likely. At the same time, exposure to the ho, catalyst and oxygen 
partially oxidrzes the hydrocarbons ,n the feed, according to the equation: 

CH4 + O: ^ CO + 2Hi <*" 
oxygen for these reacttons comes from the a,r. oxygen, or air/oxygen mix that is fed into the 
system with the H.S and hydrocarbon feed gases. 

' ' lypieally, .h.^yst structure is heated as a result of Ute exothermic chenucal reaction 
occufring at its surface: however, ,t can additionally or alternat.vely be heated by eternal means, 
such as electrical resistance, magne.tc tnduction. RF, etc. Heating by external means can allow 
for increases in the rate at which feed gas can be passed through the catalyst structure w«le still 

wtth external means a. least at the start of the process, so as to imtiate the exothemric reactions 
on the catalyst structure. This initial heating can be accomplished in any su.table manner 
including electrical resistance, magnetic induction. RF. or the like. Onee the system is running. 



it is preferably is run adiabatically or nearly adiabatically (i.e., without loss of heat), so as to 
, reduce the fo,n,a.io,vot«.rbor,(e.g., coke) on the surface of the gauze catalyst. ■ 

According to the present invention, the rate of feed of H,S into the system is controlled 
and adjusted so that the heat generated by the oxidation of the H.S is sufficient to maintain the 
desired temperature in reactton zone 20 and thus reduce the amount of the light hydrocarbon that 
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IS com 



pletely combusted. Hence, the mole ratio of H,S to l.ght hydrocarbon m the feed is 
preferably in the range of from about 1:10 to about 2:3. Where the light hydrocarbon is methane. 

a preferred ratio of H2S to methane is 2:3. 

The rapid heating of the feed gases as a result of contact with the hot catalyst promotes 
5 fast reaction rates. In accordance with the present invention, the feed gas stream velocity past 
catalyst structure 10 ts preferably at least about 0.1 meter/second, often as high as 4-5 
n.eters/second, and even as high as 70 meters/second. The maximum velocity will generally 
determined by the specific equipment used; however, the theoretical limit is that velocity at 
which the reaction would be extinguished. If an external means of heating the catalytic device 24 
1 0 is used, this theoretical limit is significantly large. 

According to one preferred embodiment, the feed gas stream velocity is between abour 
0.1 and 100 meters/second. As a result, the superficial contact time of the feed gas stream with a 
preferred embodiment of gauze catalytic device 24 is less than about 10.000 microseconds, and 
typically within a range of about 1000-10.000 microseconds. When used in the present invenfion. 
,5 It IS preferred that the superficial contact time of the feed gas stream with the catalyst be less than 
about 5000 microseconds, more preferably less than about 2000 microseconds. Superficial 
contact time is inversely proportional to the term '"space velocit/' that is used in many chemical 
process descriptions. 

Although for ease in comparison with prior art, space velocities at standard conditions 
20 have been used to describe the present invention, it is well recognized in the art that residence 
time is the inverse of space velocity and that the disclosure of high space velocities equates to 
low residence fimes. 
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90 the reacted Rases preferably enter a firetube boiler 40. where they 

From reaction zone 20, the reacita ^a^c^ pi j 

fro. .he pan,a.,y o.idized .ases can be rccap.urea in s.ca. hca.,„g or .Ke ... Ihe 
cooUn. .a. occ. in .e b„.,cr *ops .he «ure .„ Mo« abo. 4,0" C and 
3 ceases *e above reacons. A detaiied descrip.ion of .Ke considerations involved in opcra.rn, a 

■ TT<^ Pntpnt No 5 654,491, which is 
reactor using millisecond contact times ts given m U.S. Patent No. 

incorporated herein in its entirety. 

. Aeecding,, and referrrng now .„ Figure 2. .he presen. s,s,e„r preferahl, ,nc,„des .he, 
synrhlsis gas reac.or ,0. fircuhe hoiler 40. a condenser 50, hca.er 55. a .adg.as cleanup un... 60. 

„ .,f„r absorbing nra.er.. 56 ,„ c„n.ac. wi.h .he Hnid. More specif.cai.y. in each convener n„.. 

„f vine or iron oxide. In .his bed. any elememal 
60. the ho. gas s.ream is passed over a bed of zinc or iron 

sulfur is converred to metal sulfide and rerained in .he be*. 

The effluent from .he sulfur absorber is *en preferably cooled sufficiently to coadetr^ 

the bulk of any remaining wa.er from Uie gas stream. 
30 ' The treated gases, which comprise CO. hydrogen, and n.trogen. are then sen. .o a 
sy„.hesis gas conversion unit such as a methanol plant or a F.sclrer-Tropsch plant. 

By substrtuting the heat of the partial oxidatron of H,S for the combus.ion of methane, 
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temperature without giving up the methane to eombustion products. This, in turn, resuhs in a 

higher overall yield for the process. 

While a preferred embodimem of the present invention has been shown and described, it 
will be understood that variations can be to the preferred embodiment, without departing from 
5 the scope of the present invention. For example, the mixing process can be altered or replaced 
with an active mixer, the thermal barrier can be modified, the structure and composition of the 
catalyst can be varied, and the tail gas treatment steps can be modified. 

The complete disclosure of all patents, patent documents, and publications cited herein 
:orporated by reference. The foregoing detailed description and examples have been given 



are inco 



0 for clarity of understanding only. No unnecessary limitations are to be understood therefrom. 
The invention is not limited to the exact details shown and described, for variations obvious to 



one 



skilled in the art will be included within the invention defined by the claims. 
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